Extraction of chemically modified microcrystalline cellulose sheet (MCS) from rice husk is reported using a greener method. MCS is then blended with polyvinyl alcohol (PVA) by solution method under optimum conditions. The structural, morphological and physical properties were studied by spectroscopic, scanning electron microscope, gas chromatograph and standard ASTM methods. The result reveals the formation of carbonated microcrystalline cellulose blended polyvinyl alcohol (MCS-b-PVA) with improved mechanical, barrier and carbon di oxide releasing properties. Further, CO 2 releasing ability has made the film suitable for active packaging film for storage of meat products. The chemical mechanistic model for CO 2 release has been also proposed under the influence of hydronium ion and relative humidity in context of a close packet.
Introduction
Environmental and food security issues are warning to replace the traditional packaging materials with biodegradable packaging materials due to their several advantageous feature [1, 2] . In this regard, several biopolymers such as cellulose, guar gum, chitosan, alginate and poly lactic acid (PLA) have been used due to their easier availability, biodegradability, permeability and recyclability [3, 4] . Among different biopolymers, cellulose is a widely available biopolymer from different source such as plants and biomass. It also bears several significant industrial properties like responsiveness, biodegradability, and showed its compatibility towards different potential applications [5, 6] . The size reduction and functionalization of cellulose further improves its properties for advanced applications like reinforcing and responsive agents. However, basic drawback of cellulose is processability and use of hazardous solvents for its extraction with less efficiency [6, 7] . Thus, hybrid cellulose is prepared by grafting, blending and composite formation by using whisker, plasticizer and surfactants [8, 9] . The hybrids composites have been used in sensing, energy devices, water purification and packaging purposes. Some important cellulose based composite materials are listed in Table 1 , along with their entire properties and potential applications.
The composite of cellulose with synthetic polymers like rubber, polyvinyl alcohol (PVA), polystyrene (PS) and polyethylene (PE) revealed the suitability in packaging application. Out of all the synthetic polymers, PVA is largest produced synthetic water-soluble polymer via non-petroleum route (i.e. using natural gas as raw materials). Its biodegradable nature makes it more suitable over PE, PS and polypropylene (PP). PVA showed an additional tunable, biodegradability, water-solubility, chemical resistance, gas barrier, biocompatibility, thermal stability, and optical and physical properties [19, 20] . Out of all these advantages, PVA have some disadvantages too such as mechanical, poor mixability and slower bio-degradability rate, which restricting its applications [19, 20] . The simple approach to augment the limitations of PVA is to prepare hybrid with cheap and easily available more biodegradable biopolymer such as cellulose. It is reported that the cellulose and PVA hybrid matrix showed the high toughness, young modulus, thermal stability as well as mechanical strength. The oxygen and water vapor barrier properties of PVA have been also improved with number of folds with the use of cellulose moieties in a composite [21] [22] [23] . However, lower compatibility of PVA and cellulose is reported due to water insoluble nature and presence of a number of hydroxyl (−OH) groups [24, 25] . Therefore, chemical modification and advanced process technique of cellulose would be another useful step for improving the adhesion and compatibility of cellulose and PVA composite [26] [27] [28] [29] . In this direction, present study focusses on the extraction of chemically modified carbonated cellulose from bio-based source (rice husk) through simple method by impregnating the carbonate group. Further, the extracted cellulose was blended with PVA (celluloseb-PVA) to join the advantages of both polymeric moieties to use in the field of active packaging application. The optical characterizations were performed to prove the successful synthesis of cellulose-b-PVA composite and reveal its counterpart integrity in respective composites.
Experimental

Materials
Potassium hydroxide (KOH, AR grade), potassium carbonate (K 2 CO 3 , AR grade), sulfuric acid (H 2 SO 4 , purity 98%), and hydrogen peroxide (H 2 O 2 ) were procured from E-Merk, India. The chemicals were used without any further purification. Polyvinyl alcohol (PVA, 87-89% hydrolyzed, Mw = 50,000 Da) was supplied by Loba Chemical India, but rice husk (RH) was purchased from Kundan Rice Mill, Cellulose/PVA Antibacterial property and scavenging Active packaging [18] 1 3
Delhi. The double distilled water and AR grade solvents were used in entire experiment of this manuscript.
Extraction of Cellulose
The cellulose was extracted from RH using our previously reported method [6] . In brief, 5 g of fine grounded powder of RH (100 mesh) was thoroughly washed with distilled water and dried at 100 °C in hot dry oven. Subsequently, the resulting product was treated with 10% mixed aqueous alkali solutions of K 2 CO 3 and KOH (molar ratio of 50:50) on a magnetic stirrer for 45 min and allowed to settle for overnight. The slurry and precipitate were separated by filtering with whatman's no 1 filter paper. The precipitate was treated (bleached) with H 2 O 2 , while white buff precipitate was further subjected to acid-hydrolysis by 1 N H 2 SO 4 . The resulting white precipitate was dried through hot air-circulation in an oven at 105 °C for 6 h. Finally, it was collected and stored in airtight polybags for further use.
Preparation of MCS-b-PVA
Initially, a 10% PVA aqueous solution was prepared by mixing the 15 g of PVA in 150 mL double distilled water after stirring on magnetic stirrer for 30 min at 70 °C and 500 rpm. The resultant solution was uniformly divided into three beakers of 100 mL. In each beaker, the requisite amount of microcrystalline cellulose sheet (MCS) was poured to make the blend of PVA and cellulose of 5, 10 and 15 phr along with 2 mL of glycerol. Further, the mixture was again stirred for 30 min to get the homogeneous solution. The resulting homogeneous solution was poured into borosil glass petridish with diameter of 10 cm and allowed to evaporate the solvent under continuous air flow at room for 24 h. Finally, white color opaque films with uniform thickness of 0.15 mm were obtained. Among the three films, the film with 10 phr MCS was having most strength and homogeneous structure, while the film with 5 phr had less strength and the film with 15 phr had agglomerated MCS. Thus, film with 10 phr MCS, was selected for further study in this work.
Characterization
The physio-mechanical properties i.e. solvent content, swelling and porosity of the prepared films were investigated as per the earlier methods reported [30, 31] .
Solvent Content and Degree of Swelling
Initially, the film with dimension of one sq cm was cut by a surgical blade and immersed in 1 M NaCl aqueous solutions for 24 h. Further, film was taken out and blotted quickly with Whatman filter paper no 1 to remove the surface water and weighed immediately. Then, the film was dried in a vacuum over silica gel and also weighed again. After that, solvent uptake content was calculated using the equation, W w − W d × 100/W w , where, W w is the weight of wet film and W d is the weight of dry film. However, the degree of swelling was calculated from the difference between average thicknesses of the original film after 24 h equilibrated in NaCl solution.
Porosity
Porosity (E) in the film was determined by volume of solvent incorporated in the cavities present in per unit volume of respective film. The basic equation used for calculation is:
where, W s is weight, Wd is dry weight, A is area, L is thickness, and δw is the density of water.
Structural Characterization
The MCS-b-PVA composites were optically characterized by the X-ray diffractometer, FTIR and Scanning Electron Microscopy (SEM). The phase and crystallinity of particles were determined using powder XRD (Rigaku Rotaflex, RAD/ Max-200B) using CuKα (λ = 1.5405A) radiation generated at 40 kV and 50 mA, at scanning rate of 2° per min. The surface morphology of the film was investigated by Hitachi-3700 SEM, operated at 20 kV. Films were sputter coated with a thin layer of gold to avoid charge accumulation on the surface.
Water Vapor Permeability
Water vapor permeability (WVP) of film was determined using an ASTM standard-1995 method [32] . Initially, a 100 mL glass bottles (Schott Duran laboratory) were taken and a hole was made in their caps with help of a drilling machine. After that bottle was filled with de-ionized water to one-fourth its volume, the test specimens (preconditioned MCS-b-PVA film at at 25 °C and 50% humidity for 48 h) were placed between bottle and cap. A rubber seal was also placed to ensure a tight seal of bottle. The total assembly was then weighed and kept in an atmosphere-controlled chamber (25 °C, 50% humidity). The weight loss of bottle was recorded at every interval of 60 min for 24 h. The water vapor transmission rate and WVP were calculated using Eqs. 1 and 2 where x is change weight of bottle, t is time, A is area, l is thickness of film and ∆R is change humidity across the film at the test temperature.
CO 2 Releasing Profile
The CO 2 release profile of film was estimated by GC chromatographs. Initially, a packet was prepared by developed film and kept in glass chamber under different respective conditions. The relative humidity inside the desiccators was maintained by keeping saturated salt solution for humidity, while acidity was maintained by putting acid inside the chamber. The air of inside packet was tested for quantitative presence of CO 2 with Perkin Elmer, gas chromatograph using nitrogen as a carrier gas with regular interval of time. Further, release behavior was evaluated for 3 months in regular interval of 168 h (1 week).
Results and Discussion
Preparation of MCS-b-PVA
The ray diagram of the different extraction steps of MCS and blending with PVA are given in Fig. 1 .
On the basis of observations and reported literature, it is concluded that alkali treatment facilitates the dissolution of lignin and hemicellulose for cellulose extraction. However, mechanical stirring disrupts the course of bundles of cellulose and separate individual particles. Furthermore, the bleaching treatment removes the lignin and degrades the colorant present in RH. Thus, above steps effectively remove the entire lignin, hemi-cellulose and resulted cellulose [33, 34] . However, consecutive acid hydrolysis disrupts the amorphous segment of cellulose and reduces the size of obtained cellulose. The mixed alkali treatment also able to modify the cellulose and it supports the blending process.
FTIR
The spectra of PVA and MCS-b-PVA films are shown in Fig. 2 . The comparison of spectra is indicating the several change in peaks intensity and positions due to blending MCS and PVA. Further, presence of an additional broad peak appeared around 714 cm −1 in spectra of MCS-b-PVA films is indicating the presence of carbonate groups in blended film. It may be due to modification of cellulose due to presence potassium carbonate. The shifting and merging of peaks present in finger print region between 1300 and 1400 cm −1 are also revealing the blending effect in film. Figure 3 shows the XRD pattern of MCS, PVA and MCSb-PVA film. The diffraction pattern of MCS is showing an intense peak at 22° due to cellulose I structure [35] . However, XRD spectra of MCS-b-PVA film showed the peaks for both MCS as well as PVA, with slight shift in their intensity and position. The change in intensity reveals the changes in crystallinity due to the blending and rearrangement PVA chain towards the extracted cellulose structure. The XRD result also confirms the dispersion of cellulose in PVA matrix as well as rearrangement in its crystallinity. The shift in peak position towards 2 theta towards lower value is indicating the expansion of matrix due to the formation of intercalated type hybrid structure.
XRD
Morphological Study
The optical images of RH, alkali treated RH, and MCS are shown in Fig. 4 . The observed color sequence of the RH is changing form brown to orange during alkali treatment, whereas there is total conversion of the color to white after Fig. 5a-d. Figure 5a is showing the smooth surface of un-treated RH due to the presence of smooth epidermis of native RH [36] . However, SEM micrograph of alkali treatment RH (Fig. 5b) , has a rough surface, which is due to the partial disruption of outer non-cellulosic layer of hemicelluloses, lignin, pectin, wax, etc. It may be because that both wax and pectin surround the surface of cellulose as a protective layer, thus their elimination creates the roughness of the outer surface. Previous reports suggest that the lignin forms a bridge like bond with cellulose and acts as a binder to the fiber components as well as preserves the bundle form after alkali treatment. Johar et al. [37] has extracted nanocrystal and fibers of cellulose from RH by alkali treatment followed by acid hydrolysis by using rigorous condition and hazardous solvents. In present study, the mixed alkali treatment (KOH and K 2 CO 3 ) and hydrogen peroxide were used under continuous stirring for longer duration (~ 45 min) to removes the pectin and hemicellulose contents from the RH. The effect of bleaching treatment and acid hydrolysis was evident from the comparison of micrographs in Fig. 5b , c. It indicates that the cellulose bundles separated into individual micro-sheet like structure with the thickness of 170-200 nm. This decrease in size of the thickness indicates that under the acid treatment almost all the components that were bind with the cellulose structure of the RH were removed and thus enabling to reduce the particle size. Another important reason of the size reduction is degradation in the amorphous segment of cellulose, since the lattice energy of amorphous segment is lower than crystalline ones, this could provide higher useful capability for composite applications and processibility. The morphology of MCS-b-PVA is shown in Fig. 5d , it reveals the binary hybrid structure with regular arrangement.
On the basis of above results, it is found that the mixed alkali treatment of RH produces the MCS with chemical functionalization with carbonate group and porous in nature. The porous nature may support better gas exchange and functionalization of cellulose chain and supports the compatibility in cellulose and PVA matrix by generating different types of functional group, which ultimately permitting the interactions between them for formation of composite film. The probable scheme of functionalization and interaction between extracted MCS and PVA is explained in Fig. 6. 
Physical Characterization of film
The observed physical properties of MCS-b-PVA film are presented in Table 2 . The resulting data is revealing the Recently, researchers [38, 39] have been optimized the maximum stress and elastic modulus with variation of cellulose contents in PVA matrix. Pereira et al. [40] have been reported that addition of 3% cellulose filler in PVA does not improve its mechanical properties significantly. However, integrated study along with barrier and functionality was still gap of knowledge in this field, however this study significantly improves mechanical, barrier and adsorption properties due to the dispersion of MCS in PVA matrix. A comparative study of our work finding is mentioned in Table 3 along with the earlier reports about cellulose-based composite.
Due to the smaller size and functionalized MCS sheet, the extracted cellulose improves the interaction with MCS and PVA matrix and also rearranging the respective crystallinity of composite materials.
CO 2 Release Profile
Presence of CO 2 , suppress the microbial activity and degradation of edible items, and in turn prolong the shelf life of packed food. This is also a complimentary approach for O 2 scavenging, which is possible by impregnating the CO 2 generation of functional group like ferrous carbonate, ascorbic acid and sodium bicarbonate in packaging materials to develop a sachet [47] . The permeability of CO 2 in most plastic films are of 3-5 times higher than that O 2 , thus it must be continuously release to maintain the desired concentration within the package. High CO 2 levels also changes the taste of food products, therefore sustainable CO 2 generator is desired for several applications such as fresh meat, poultry, fish and cheese packaging at regulated rate. O 2 -free environment alone is insufficient to retard the growth of Staphylococcus aureus, Vibrio species, Escherichia coli, Bacillus cereus, and Enterococcus faecalis at ambient temperatures, because many bacteria also grow in anaerobic conditions. But O 2 and CO 2 balance inhibited the growth for the most of microbes [48] . The CO 2 release behavior of developed MCS-b-PVA film in different condition are given in Table 4 . The observed controlled release of CO 2 indicates the developed film releases CO 2 under humid and acidic atmosphere only. Thus, developed film can be used for sustainable release of CO 2 in smart packaging packets. It's happened, because of alkali treatment of cellulose, impregnates the carbonate ions between the molecular cage of cellulose matrix, which dissociates and release of CO 2 in the presence of water molecule of hydronium ion (i.e. acid). Since, food product generated acid contents (hydronium ions) during the degradation, which will invoke the release of CO 2 from the developed chain. Thus, the developed MCS-b-PVA composite film can be used for active or smart packaging film along with the property of sustainable release of CO 2 to prolong the shelf life of packed food. The schematic illustration about the CO 2 liberation is shown in Fig. 7 .
The CO 2 -generation capacity of developed film has been determined and is comparable with earlier reported data.
The result confirms its suitability to use in active packets [49] .
Kinetics of CO 2 Release
The trend of quantitative release of CO 2 from developed film with time, under different conditions (dry condition, acidic and fixed RH) has investigated and results were shown in Fig. 8 .
The release rate in dry condition is negligible, only surface evaporation changes the absolute value due to external pressure of packets. But, the respective rate increases in the presence of relative humidity (RH) and hydronium ions. The increase in rate of CO 2 release in the presence of acidic atmosphere (hydronium ion) is higher than that of RH. It may be due to high reactivity of hydronium ion than water molecules. It may be also because H 2 O only causes solvation effect and release CO 2 from surface, while in the presence of hydronium ion, matrix have been disrupted, due to high energy and facilitates the sharp release of CO 2 . Furthermore, the increment in acid behavior also allow to swelling the matrix and facilitates the release of CO 2, due to the disruption of inter polymeric linking of chain. On the basis of above data an expected role of polymer chain, a schematic presentation of the release of different gases have been prescribed in Fig. 9 . . 7 Schematic representation of carbon dioxide release mechanism Illustrated Fig. 9 indicates the uniform and constant release of CO 2 gas form film. The consistent and uniform release rate indicates that gas obeys a diffusion-controlled mechanism. The comparison of data indicate that hydronium ion responsive release data is higher. It reveals that diffusion of hydronium ion disrupts the H-bonding network of cellulose and thus matrix becomes loose and hence its interaction with carbonated developed film releases the CO 2 in degraded food packets. On the basis of this trend of CO 2 release, it is possible to propose a simple model applying Eq. 3
where W is release amount of CO 2 , Xt is amount of functional (carbonate) group impregnated, K is constant, and c is release rate. The presence of free hydroxyl group in PVA supports the interaction with carbonate ion due to the formation H-bonding and creating a binding network. This effect increases the stabilization of impregnated ion and it required an additional energy (like heat or chemical etc.) to degrade. In this case the increment in pH ion is responsible to activate the process and supports the degradation as well as pH controlled CO 2 release and probable followed kinetics, as Eq. 4.
where X t is release concentration at particular time and X 0 is initial release concentration, k is constant and t is time. The optimization of matrix energy of composite polymeric network is an important criterion of designing the active packaging film. The data reveals that blending effect of PVA to cellulose modifies the release of functional group [50] . The polymer composite may be prepared by different methods and resulted network control the atmosphere, if it molded in the form of packets. Therefore, the reported strategy opens the new dimension of bio-resource management as well as the chemically modified cellulose for different active packaging materials. 
Conclusion
The chemically functionalized micro sized cellulose sheets were extracted from RH by greener route under optimized conditions. Thus, obtained cellulose was blended with PVA by solution blending method. The prepared hybrid film demonstrated the optimized mechanical properties with CO 2 releasing behavior. Further, CO 2 releasing characteristics supports its use as an active packaging film to extend the life of packed food to ensure the food supply and security.
